INTRODUCTION
HIV drives dramatic changes of the host cell's whole-gene expression during HIV infection and AIDS pathogenesis. 1) Recent microarray technology has been applied to investigate the interaction between viruses and host cells. Several studies have described the gene expression profiles in host cellular genes related with the HIV infection and/or the HIV pathogenesis due to acute HIV infection and the expression of HIV proteins, HIV-1 Nef and HIV Tat. 2, 3) Swingler et al. 2) reported that the HIV-1 Nef protein induced expression of chemokines such as RANTES, Mip-1α and Mip-1β in macrophages and Izmailova et al. 3) suggested that HIV Tat proteins induced interferon-mediated antiviral responses by the expression of interferon-inducible genes. Although these reports were valuable, these genes were mainly examined in acute infection status. [2] [3] [4] The gene expression profiling data obtained by acute HIV-1 infection have some limitations such as the exclusion of gene expression profiles caused by both non-synchronous HIV-1 infection and large number of defective viral particles generated by every infectious virion. Even if highly active antiretroviral therapy (HAART) have contributed to the dramatic decline in the incidence of AIDS and AIDS-related mortality of HIV-1-infected patients, the persistence of latently HIV-infected reservoirs, resting CD4+ T cells, in HIV-infected patients is the major obstacle to HIV-1 eradication. 5) Recently, Chun et al. 6) investigated gene expression profiles in resting CD4+ T cells in viremic versus aviremic HIV-infected patients to find out some clues for eradicating HIV-1 in vivo. Unfortunately, the global effect of HIV infection on host cell gene expression profiles in healthy HIV-infected patients, long-term non-progressors, remains largely unknown. To fully understand the interaction between HIV infection and host cells, various in vivo studies are required. Considering these respects, we investigated host gene expression profiles between healthy HIV-infected Koreans and AIDS patients to identify cellular genes related with delayed disease progression in vivo.
MATERIALS AND METHODS

Study patients
Ten HIV-uninfected persons and ten HIV-infected patients were recruited with their informed consent. Five healthy HIV-infected patients and five AIDS patients were selected to investigate host genes showing the clear difference on disease progression to AIDS. The healthy HIV-infected patient was defined as the patient who had CD4+ T cell count of ＞500 cells/mm 3 , no symptoms related to HIV infection, and no history of taking anti-HIV drugs. AIDS patient was defined as the patient who had CD4+ T cell counts of ＜100 cells/mm 3 . The mean value of age and CD4+ T cell count were 39.8 and 626 cells/mm 3 in Healthy HIV-infected patients 37.4
and 74.6 cells/mm 3 in AIDS patients.
Extraction of total RNA from PBMCs
The total RNAs from isolated PBMCs were extracted using acid phenol extraction (Trizol LS, Gibco BRL, USA) as the procedure recommended by the manufacturer. The purity of RNA was confirmed by measuring the optical density at 260 and 280nm. High purity RNA showed over 1.8 of the ratio (260/280nm) and the quality of purified RNA was confirmed by 1% agarose gel electrophoresis.
Oligonucleotide chip microarray using T7-promoter amplification protocol
Oligonucleotide chip microarray was performed using 10K oligo microarray amplification kit (Macrogen. co., Korea) as the procedure recommended by the manufacturer. Magic-oligo 10K chip (Macrogen. co., Korea) was consisted of 10,375 genes: 4,270 molecular function genes, 2,073 biological process genes, 1,689 cellular group component genes, 2,083 unknown genes and 260 control genes. Briefly, First strand cDNA was synthesized using RNA-primer mixture containing 5～20μg of total RNA, 1μL of oligo [(dT)24 T7 promoter] 65 primer, and filled nuclease free water up to 21μL and incubated for 10 min at 70 o C on thermocycler. Reverse transcription (RT) reaction mixture contained 8μL of 5X RT buffer, 2μL of 0.1M DTT, 1ul of AMV reverse tran- 1x SSC for 5 min, and 0.5x SSC for 5 min. The slides were dried by centrifugation at 1,000rpm for 5 min.
Data analysis
After the microarray slide was scanned using scanner with Imagene Software, microarray images were analyzed with Gene Cluster, Tree View, and Array-Tools software (Stanford Univ., USA). Ten microarray data sets from five healthy HIVinfected persons and five AIDS patients were analyzed with these softwares to investigate host gene expression profiles.
RESULTS
The differentially expressed genes between HIV-uninfected and HIV-infected patients in vivo
Most cellular genes didn't show any difference in gene expression profiles of HIV-infected persons compared to those of HIV-uninfected person (the upper of Fig. 1 ). Only 10.8% (1,097 genes) of total 10,115 genes were differentially expressed with more than two-fold change in HIV-infected persons (the lower of Fig. 1 ). 331 out of 1,097 differentially expressed genes (DEGs) were up-regulated and 766 genes were down-regulated in HIV-infected persons. Most DEGs showed twoor three-fold change in the gene expression profile and the number of DEGs with more than four-fold change was 254 genes of total 1,097 DEGs. Especially, ninety-seven genes (8.8%) among 1,097 DEGs, 17 up-regulated genes and 80 downregulated genes, were commonly up-or down-regulated in both healthy HIV-infected and AIDS patients. The representative over-expressed genes in both groups were zinc finger protein, translation initiation factor 2, interferon-induced protein, serine/threonine kinase 4, keratin 9, kinesin-like 5 and so on (Table 1) . Also, the representative commonly down-regulated genes with more than three-fold change in both two groups were eukaryotic translation elongation factor 1, T cell activator, chemokine (c-x-c motif) ligand 16, TNF receptor-associated factor 5, G-protein-coupled receptor 64, troponin t1, and so on ( Table  2) . In healthy HIV-infected patients, 208 genes were up-regulated above two fold and 418 genes were down-regulated more than those of HIV-uninfected persons. The major changes among 626 genes were genes related with gene/protein expression class, signaling/communication class, and metabolism class. The distribution of the genes by ontology didn't show any difference between up-regulated and down-regulated genes (Fig. 2) . Genes involved in signaling and communication, kinase, ligand, and phosphates were stimulated and genes related with cell division, transcription, and translation factors including eukaryotic translational elongation factor 1 alpha 1, dead/h (asp-glu-ala-asp/his) box polypeptide 1 were downregulated. Many signal transducers, receptors and kinase such as G-protein coupled receptor, chemokine (c-c motif) receptor-like 2, FAS-activated serine/threonine kinase, serine/threonine kinase 4, and early growth response 4 were up-regulated. Fifty-six of 626 genes were related with cancer or oncogenesis (data not shown).
In AIDS patients, 568 genes showed the different expression profiles above two-fold compared to those of HIV-uninfected persons. One hundred forty genes showed more than two-fold induction and 428 genes showed above two-fold suppression compared to those of HIV-uninfected persons. These genes were involved in gene/protein expression class, cell division class, metabolism class, signal/communication class, structure/mobility class, immune response class, and apoptosis class (Fig. 2) . Twenty percent among these genes was also unknown genes. Approximately 60% among 568 genes was genes related with signal/communication, gene/protein expression, and metabolisms.
Cellular gene expression profiles between healthy HIV-infected patients and AIDS patients in vivo
ArrayTool and SAM (Significant Array Method) were used to investigate the difference in host gene expression between healthy HIV-infected person and AIDS patient and P＜0.05 was considered statistically significant. One hundred eighty seven genes showed the significant difference between healthy HIV-infected group and AIDS group (data not shown). 74 out of 187 genes were up-regulated in healthy HIV-infected person whereas the rest genes were up-regulated in AIDS patient.
Especially, twenty-eight genes showed very significant difference with P＜0.01 in host gene ex- pression between healthy HIV-infected person and AIDS patient ( Table 3) . Eleven of these genes were highly expressed in healthy HIV-infected group than in AIDS patient group. On the other hand, the rest genes were highly expressed in AIDS patient and most of these genes were transcription-related genes. Especially, DNA directed RNA polymerase II (GB Access No.NM_ 000937) was up-regulated above 10-fold in AIDS patients than in healthy HIV-infected persons.
On the other hand, interferon gamma receptor 2 (GB Access No.NM_005534) was down-regulated more than 10-fold in healthy HIV-infected persons.
DISCUSSION
HIV infection into host cells causes the abnormal immune activation that can lead to active viral replication. The presence of HIV-1 viremia may create directly or indirectly a vigorous cycle that has an important impact on the pathogenesis of HIV. 7) As shown in Fig. 1 , ninety-seven genes that were differentially expressed in both healthy HIV-infected and AIDS patients might be associated with HIV infection and HIV pathogenesis. The main functions of these genes were gene/ protein expression, signaling/communication, immune response, and structure/mobility (Table 1, 2) . Several studies have reported that some genes among the commonly over-expressed genes in two groups, translation initiation factor 2 (IF2), serine/threonine protein kinase 4 (PKR), and ttk protein kinase, interact with HIV viral proteins.
Wilson et al. 8) suggested HIV matrix protein inhibited general translation for human genes by blocking IF2 function and Endo-Munoz et al. 9) reported that HIV-1 Tat might escape the anti-viral IFN response through the competitive binding with eIF2 alpha by acting as a substrate homologue for eIF2 alpha enzyme. Among HIV-repressed cellular genes in this study, eukaryotic translation initiation factor 4 gamma (eIF4G), eukaryotic translation elongation factor 1 alpha (eEF1 alpha), complement component c1q receptor (gC1q-R), and TNF receptor-associated factor 5 (TRAF5) were associated with the regulation of HIV viral proteins in the previous literatures. [10] [11] [12] [13] Especially, Szabo et al. reported that complement component c1q receptor (gC1q-R) was a strong inhibitor of HIV-1 infection by blocking the interaction between CD4 molecule and gp 120 viral protein. 13) But, the distribution of differentially expressed genes in HIV-infected patients didn't show any difference with ontology between up-regulated genes and down-regulated genes. Overall, signaling and communication-related genes and many kinases including serine/threonine kinase 4, cGMP-dependent type II protein kinase and vascular endothelial growth factor were up-regulated. While cell division-related genes (positive cell cycle regulators such as cell division cycle 2-like 5 and cyclin G1) and most receptor genes (chemokine receptor, G protein coupled receptor, and interleukin 5 receptor) were down-regulated. As reported in other studies, 14, 15) our data showed that genes involved in the transcription and translation processes (many transcription factors, DNA helicases, and splice factors) in HIV-infected patients were mostly down-regulated compared to those of HIV-uninfected patients. Our results were consistent with the report that the viral protein Vpr induced G 2 arrest 16) but showed some difference with van't Wout et al. 14) reported that many receptors including CD69, LDLR, T-cell receptors were up-regulated by HIV-1 infection. The discrepancy in the expression of receptor genes maybe comes from multi-function of these cellular proteins in the complicated biological network.
In large-scale analysis of host gene expression profiles between healthy HIV-infected persons and AIDS patients, twenty-eight cellular genes showed very significant difference with P＜0.01. As you showed in Table 4 , they were mainly transcription regulatory genes and cellular metabolic pathway-related genes. For example, Actin filament associated protein, Death-associated protein, DNA directed RNA polymerase II polypeptide A, and STAT was over-expressed in AIDS patients. Actin filament associated protein may be involved in the assembly and budding of retroviruses. 17) Death-associated protein kinase 3 was reported to induce apoptosis in mammalian cells when over-expressed. 18 ) DNA directed RNA polymerase II polypeptide A promotes transcriptional elongation and stimulate nascent viral RNA capping. 19) Chun et al. 6) also reported that the heterogeneous nuclear ribonucleoproteins, some protein-vesicle transports, and endo-exocytosis related proteins were up-regulated in the resting CD4+ T cells from viremic patients compared to those of aviremic patients. He suggests that these results may provide a favorable environment for active HIV-1 replication and release of cell-free virions through facilitation of protein trafficking and vesicle transport. As STAT have the dual function of signal transduction and activation of transcription as part of a phosphorylation cascade, HIV-1 infection lead to activation of the STAT1 signaling pathway in thymus which may contribute to HIV-1 pathogenesis in thymus. 20) Hottiger and Nabel 21) reported that HIV transcription could be regulated by competitive binding of specific cytokine-induced transcription factors to a discrete domain of a transcriptional coactivator. Especially, healthy HIV-infected patients sho-wed the significant over-expression of the tripartite motif (TRIM) protein and interferon gamma receptor 2 (IFNGR2) relative to those of AIDS patients in this study (Table 3) . Recent studies have reported that the new retroviral restriction factor TRIM5α blocks the incoming retroviral capsid soon after entry. 22, 23) As TRIM family is proteins that contain RING, B-box, and coiledcoil domains, many TRIM proteins self-associate to form homo-oligomers and hetero-oligomers. Unfortunately, the mechanism by which TRIM5α restricts retroviral infection remains mostly unknown. In our result, TRIM 14 protein in healthy HIV-infected patients was significantly up-regulated compared to those of AIDS patients. It is the first report that TRIM 14 protein may be related with HIV resistance and HIV pathogenesis in vivo. In the near future, we have to investigate whether TRIM 14 confers the delayed HIV disease progression and/or the resistance of HIV infection. Also, IFNGR2 encoded on human chromosome 21 is required for the antiviral activity via the interaction of human interferon gamma (IFN-γ). 24) IFN-γ is produced by CD8 cytotoxic T cells and NK cells and is vital for the control of viral pathogens. Therefore, over-expression of IFNGR2 in healthy HIV-infected persons may be suggested the delayed disease progression via the strong interaction between IFNGR2 and IFN-γ relative to those of AIDS patients. Although this study has some limitations such as small sample size and the lack of proteomics approach in these genes, the above results will be provided for making a framework for the detailed functional studies on the longterm non-progression-related genes in vivo.
